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^ ij-^ ^^m- ^ «o^^ ^^a] 7 ] 

£ ^£ ^^-i- °]-g-*>^ #^£1- ^3*ML*} ^ nfl, § ^ofl 

3. Sfl^^ 

^^r, t^5Lt ^^*>7l ^tP ^ Al^flofl ^-g-Sl^ 

^ y o V ^°fl SX^M, #<3^* S^Kr 1 #31; A oM 3)4=.^ 

#^ A oHl ^8<8^-g- 4l^*Hfr ^1 2 ^711; #7} vflsj ^^ofl 

4. ^A?V 
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<*^# ^^-ir o) -g-^ ^ « 0 >^ {Method for measurement of bone 

mineral density using X-ray image} 

2 2a ^ ^<^1 ^ <8#-§- <>l-g-tb ^ "o^^l tfltr 

2 2b ^ 14a on^^ cgAj- as. 4^6,] tfltr <^aH] * 

2. 3 l^^l ^(calibration)^ A)~g- 

3^ IH^l^ ^ $1*1 (step-wedge)^ IHHS. 
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1020010045123 #^ 92 7>: 2001/12/10 

£ 6a ^ofl °}-E- ^^$11^1* ^ ^ 

£ 7a fe- £ 6a ^ ^^-id / ^elM^ 5. S s}.<|}o] <IHH;£. 

£ 7b ^ £ 7a ^ -2_# oj'^HH °l-¥-S*Hl £1*1 ^Ziehg-E. E^l^e. ^ 
Tltb neflol^l^ ^40^ IHH^. 

11 : 12 : ^ 71 

13 : iLS 7l^#2| 14 : s^^/1 



^ ^ ^l^-oll AV-g-^l^ ^AfV Xiao] #^5L^ ^^*> 
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<16> §^0] Aj-Efljg. ^f-, £ rfl£)-« ^ 

§3 ^ ^*Kr ^^91 ^Hflol4. ^aVajo.S. ^-8- §<q 

^4 £^7> ol-sji 014. ZLEiM-, # ^ 7l^o] ^olvf 

iill^o] w-w]7> ^ S>5] CH # ^ 7]^o] ^#5)i=. ^^§71 o^o] o^£. 

^l^lfe ^ ^cf. n*eH, #4^^ tH^l^r S7]^lS7> ^iLr} 

<i?> ^^01 ^3 ^o^Sfe A>^(Saville) ^ (Singh) *1^7> 

$14. ^HKSaville) ^ (Singh) ^ ^ ^ ^ 

tfljs|JjL <aj^ ^ A oHl sflU^ °1 MJE* ^r^Hr 

<18> ^^^°J t^i ^ £-.S.fe QCTCQuantitative Computed Tomography), 

DEXA(Dual Energy X-ray Absorptiometry), 2:^-4 ^JE. 7fl^-7] ^o] ojcf. 

<19> qct^ <«|£} 3*}-£ 4 s SUM*!. ^ ^(cortical bone)4 

«B^#( trabecular bone)^ «-2l*H *r Si* ^ 6 fMer, § 
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<2o> DEXAtt QCT^ll 7>3°1 *j^s}jL, «j-A].^ S^ol ^zl, 

A^^ $*S. 31 *m^7} 2*}^ #^5L *liLS] ^ 

<22> ^"7)21 QCT, DEXA, ^^-Sj- 7ll#7l -f-^ ^ ^ o] o^ofl 

21 3t4t «H£"3 °J^H1^ ^§1 ^S\JL ^Cf. ZL ol o.^ tfl^-^ ^^ol 

t^^lt 71^-o.S £^uL 7fl^S«l* ^'11 *M W ^7} 

sfl^^ol 7>^>7l nfl-g-olr]-. 2fl€^- #^^1 2]tt 7>^f 

<23> ZIE^M-, ^i^d ^^-1: ^1-8-^H #^£» ^l^*>7l W ^ ^A] 

<*)^5d ^ A cHl M-El-\+ ^<$^°] f^S} c^^Oo]] o3]^ 
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<24> rcj-^, .g. «vt^o. ^v 7] -g-^o. aft^is}?} <f\^ *\]<£Q %SLS., <q^# 

1^4 #7) « 0 >^ 71 7} W S^-ZL^* 7]^ ^^E^S. ^ 

<25> a o V 7 ] S.^^- ^§}7l ifl # 

^S. ^ ^S. ^ 5U<>H, *m 

4 1 #3]; #7l S^tt ^l^d #^ A 0 H1 ^^^r -g^*Kr ^1 2 #7fl; 

TflAHjj.^ ^ 3 Cj^l; ^ AV 7 1 A] eg erf ^0} # ^^H, # 7 1 ^JjL^ofl o) 
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<26> MS ^ ^^^^1, <^*] 

# 1 7)^; #7l <^i^ #^^] ^io§<*-g- ^^Hr ^ 2 

Tfl^SRr *ll 3 71^; £ -#71 *H]<^ ifls) # <3*HH, ^"71 <&^*\ 

ofl ^tb ^E^JE. JeL^* ^]7]^ 7j)^-S^ 4 7)^ ^ 

^^7l7l ISa^f 7l^-*V ^^E^S. ^-a- ^ $2 XT 7l^nfl^l- ^^-^cf. 

< 27 > 3-3, £ ^€ #*fl$ ^ 

* iL4 ^*fl 3 °l*h ^oll 4 

<28> £ 1 ^ o] ^-g-Sj^ Ml±5- ^ Al^^o) <^^Al£o]cf. 

<29> £ ^o] ^ *l^£r, A>-g-^S4 ^ofl 

#^5M- 434M ^Atb ^ ClM^M- ^^>7l ^tt 71 

^^1(12,13) S ^71 71^^1(12,13)4 <?J/#3 ^KlD* 

*H<H*fca, °l-§-*>^ ^^^>7l W <?l^el* ^ 

ss.4^1(i4)l- ^-ai^cf. 

<30> # 7 ) <a/#3 ^l(H)^ J2.qEl, €#^T ^l^m «8#3j-*> 

71 <*]^ ^#i7flui ^-g; JL^-W. *]>h^ tfl^H t^7l^ 0)u}7,] 

^(uL^tf^KCCD) 5£^ ^lSi(CMOS) A >-§-^: ^-Mfe °1 

°H ^1^7> ^-71 °d/#3 ^1(11)^1 JL^tK 
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<31> <$7}<% ££r <3#* ^ H o V ^# 

-€ s S*>7fl 5)^31, 5L 2 ^ *|E| S^-fr i^JL = #7l 

^>ol3S. S.S.M] Ai( 14) oil ^^1^1 ^ v 3HMi ^1(11)S 

<32> o]^*!- f-*hg; £2^1 £ 7-g- #S*H ^Ml*>7fl ^Cf. 

<33> £ 2a ^ ^^ll 4^ °l-§-tb #^51 ^ H o v ^°11 tfl^ 

°M*H1 #31 £ 2b ^ 1^1 ^ ^i-id °J A o v ^ *HH1 

tfltr °i^Hl ^Ml *#5Lo]o^ ; 51 2c ^ ^ ^<^1 nJ-E- A# 

<34> zl^ji, S. 3 -cr ^ ^i^l ^(calibration)*}^ ^ 

^ A]~g-s)^ t^f-^ir ^$11*1 (step-wedge)^ ^HS-S^i, ^#*1 

^HK^lt olDl^} ^52} ^ 0.ofl^ Jl^)#^^> 2^ SAj) = 

<35> ZLZ)JL, 5. 4 ^ ^°\} <4-E- i^^l^l^ £^g- ^1 #<3*H ^ ^ 

°3^1 <a^l^£°l3., 5L 5 -£r <4€- i^^^l^ ^ ^1 

^ £ 4 oil M-H}\4 ^efl^^o^ z^- c^jig ^ ZLeflolEfl^^ Oj 

a]lA]r=ol^ ? £ 6a t^l 4^ i^$ll*l» *>-8-*M 2-^^ ^ 
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^ If M£# ^3*M 4i^t$ *}Ar^ ^cgcd^ ^^Ajiolj!, 

£ 6b <4€- ^43^^^ *1 ^<EHd / °fl^^ ^ <a ^1 Al £ 

S. 7a S. 6a ^ 3^ / ^H^l nelHeflt ^5.-4^ ^H^ojji, 
£. 7b ^ 5E 7a ^ A# ^S^Hl ^ ^ZL^JEL ^7l*V 

<36> £ 2a ^1 wj-sj. ^-o] ^oflA^ #^5L# ^l*}^ 

^]i^d <3#-ir ^^(21). cg^Kg- <£.g- u^ > as. 

ojj^ ^^o} sokVp ^ 50mA!- A]--g-*Vt}. <a]^ 

# <£<H2l ^^^fluis. ^^l^s^^-o.^^ 

3*1^ °H*1 ^oflfe €#^7flM# °l-g-*Hr 

Ol ^ c^V°- <g^t}. oJ]^A} <^Kg- <g°- nfl, SfltfjE^. 

200PPI(Pixels Per Inch)S. z}- s}^£r 8-^1^. ^o|^ 256^ ^Hefl'iS. 

<« ^-Htf. ofl^Ai cgA o Vo] z| ol^o]] ^A^ofl H3l 

ojEfl^S °1^7} olcf. °]^H tiQ^lte HHjS]- ^ ^ 
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<38> ofl^A] ^A^o| |V 7l> tfl^JE. = o} cgAj- S.^ o. gjj^.^ cg^V si = ^ 

-^7} % + , <£^v]*b- 3^ I2mm7} 

^cfl #^o> tlr^. £ 3 <H1 <^H*V ^$11*]^ U^ol 40mm x 40mm^l ^ 

a>z^^o1zl $rv\}7\ I2mm^] 87fl2] #7fl# ^ « 0 VAp 0 V Tjl^S. 7> 

1.5, 3.0, 4.5, 6.0, 7.5, 9.0, 10.5, 12.0mmolcf. 
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y o^K V ^^$11^1^ #^511- ^^TT ^1 €^tb <3^# 

£^"(211). £ 4 ^ ^"71 i^l^l^sf tg-^ ^cg*V oj)^£ cgAj-cq 

<y^Al£o]cf. S 5 el] ^71 ^ #7111 T^l^r ^^Hl M-e}^ 

£ 2b £ 0 1 i^^ll^sl zj- zieflolefl^ 

HH^S °1 -§-*>°i #*fl ^-^^(212). ol-g-^c^ ^ 

s-H, JE 5 ^ HH^* °)-o-*H sl^(fitting)^. £ 5 °1H 

^31*1^1 ^17> tH^I^^ ^^-ofl^ zLeflojefl^^ ^7b£-ol o^H^^ ?1 

fe- ^Hr ir^l *>^-7> ^oj^l-ei *Hr(tangent hyperbolic function)^ JE. 

3- f(t) = a + b*tanh(c*t+d) ^^l ^ig^s. Af-g^t}. o^H, f( t )^ zLefl 
°leH€, t^r ^Kmm'EHH), a, b, c, dfe ^ 3^ ^pjE-jojcf. 

^7lA^ t tanh t=- d/cSl ^-fr f4l^ tfl^l* o] = cf. ZLflcfl, £ 

5 <fl i^i^]^^ ziefloiefl^ s S3 j.ojo. 0^30.5. tfl^j 

6 VM4. ^r^, *>M"^ tanh ^« °l-§-*H ^*Kr tf*^ 
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JX]^ ^AlfVtf. A^o} 47fl^ 2^ ^Ef^E^} $>M A^ & 3) ^ 

<g©H 471] ©1^ cflojEil- 1£S ^ Si^ ^°17> 0mm ^TflsL^- 

3 7.5mm"?! ^^^H 67fl<^ cfl©lE-]S. ^S}JI, ^ wj^fl ^°l7> 4.5mm<?l 

^TflS-^Ei 12.0mm°J 67fl^ cfloj^s. ^tb^f. ^7H, ^ 7fl£] *j<* 

©1 AjS. ^S]7fl & = °J°4^^^ 2)^ ^^Tfl <g^^>7l ^tb 

tlcf. efl^!tHn-p>s.^E(Levenberg-Marquardt) tb^-. 

^ »l*fl ©j©HH<3} 5r)^^jz)-^. fl ( t ), ^ «I*f| ^o^o] tz]^^ji|. # f2 
(t)e)- *Kn, 7J34# £5i ^ ^414 3*]JL5. ^Al^cf. o]^i - 7 fl^ 
^^r* *>M-^ ^ 2)^ ^ F(t)S. ^cf. 

t <= 4.5 ^?I°)H^ F(t) = fi(t)S *>^l, t >= 7.5 ^Tjr^H^ F(t) = f 2 (t)S. 

th=h 4.5 < t < 7.5 F(t) = x*fj(t) + (l-x)f 2 (t)S ?M}. ©^7lA^ 

x - (7.5-t)/3^ ^ ^ F(t)^ #7>^©l7l n^o\) <*\^ 

F-l(g)^ ©37H, g ^ ZLefl©l5fl^©lcf. ol^fl, °J)^a] oj^> 

^ ^ violent gl- F (t)l- ©1-g-^H iL^ 

tb4. g>=F(12)©m 255S, g<= F(0)©1^ Ji*<m* 02£, ^©fl^ 

iL^SM: 256*F- 1 (g)/12S] x^*f*-o_S- tb^f. 

£ 6a tt Ji^ ^o)l o}^c*j ^^.*J. £40] Oj^Al^olcf. ZL5U-fl, 

^7l ©l-g-*l ^>iA] ojAj-o] ii^oflA^, oJl^A} M}-^#*]o} 2:^(kVp, 
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^oi^ X[^% °A]^cf. vfy^X\, ^JzRV ^^id €^S^l(kVp, mA)3 ^S)- 
*\] cflSflAi^- z]*}^. ZLe^i4, <^MH A>-g-^ <*i^*j 

< 44 > cf^-A^., £ 6a ^1 £^1*1 y >sf £o] > 03)^4 ^^-^ cgcdofl 

^^-fr ^W(22). ^-71 ^-^^ a.7l^ 250x150 5}^H Jl, ^ ^ 5)- 

£ 6a 2] t / sfl^-§>fe ^ ^^g- H 6b S] ^-^ A°fl I>^M] £ 

Al*>^4. £ 6b A^l^i <?>^ <H^£ ^-g-£r Jl-t(radius) 
5] ^ <?^^ ^^.2.5., ^ ^#(long bone)^ 

^ofl 7>^J-cf. rcf^i, T^-fr Q*$<L3. ^S^H 

^*}7)£. *Vt}. s. 6b ofl w>sq- ^-o] ) (cj-Tg A ) = (cfig A ^ <3<*j 

^ <£^£&*]_2.5 tfl^RV ^ B) + H# C) - ( 

^ CI- «tb ^ D)^l #315. ^ &cj-. ^g, £ 7a 

J£ 6a ^ 3gtf*i 
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^ ^-aoiji ZLEflojefltolc}. s. 7a ofl^ a /-b /, b/-c /, c / ~d / 

^ zj-zj- 3g#Aj / oflA^ z f L^- ) A# ^-nj. ^^( u i na ) Aj-o}^ 

£ 7a ^ b /-c ^^^H ^tb ^^L2}-°r= Mfe* ^ 

c /-d ZLefloleflt SS^Ii^g- b /~c /S ^(interpolat ion)^> 

#^4(231). ^^cls , 5£|^ ^s.*\ t^yqo] <*M 

#3 7>*H 4*V p(^) = c 0 + Cix + C 2 a2 + C3A 3 + C 4 
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a 4 !- 3*1 A>-g-tbcf. o^H c 0 , Ci, C 2 , C 3> C 4 ^r Bj-^nlE^ojcf. tfl 

^ ^^2] a/~b/4 C/~d/Ofl CflolEil- ^"71 3^ ^ofl 5|l«31tt1 

Zl-o>s^E( Levenb erg-Marquardt) 4^ « 0 >^o.S 4^f-_0 5.*l o] JfLo^j 

^^S. vfl#*H nflziehgrJEL e^Ije.^ ^^(232). o] ^ °- 

^ t-1 ^*\}H>) ^i^, ^^^^ 7>S^ -SMH ^elMeflig H 

S^H* 4*cL ^>7l 2el]o|Efl| # ^4 ^S*] 

-M^*> ^ZLS|-^ E^]co]c}. o] wflzL^= S3! = ^r £ 6b SS{ B<^1 ^ 
ZLeflo] 5 flif ss^^^l oixi , #71 /# 91 £\ 

#(rOW)S Ol^^l-^A^ fl^B^S. E^]c f ^#tb4. 

o^y^ofl o}*l «Jj^ie]-0.= E?l£| ^flTl^H -8-^ ^1^* 

(24). ol 4^(24)^- # -*H|*| ^iL^, ^7] # <3<*2l S^o] ^jo] 

511 ^7l «flZL5}-£-EL ^71^ 4^, A oM M 

^1^7> 71^ # <3<^MH neiHefl^ 
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43 ^ A cM #3 ^ ¥^l(2yP)^ ^-3 ^(c 0 )» &4 ^7] 

ZLsflol^^ ^&(<6>)^T cR> ^S. *]^3. *l3*Rr 

<49> £ 7b oil aJjZLehgrJEl l^l£t ^7]^ ZL^o]^ ^ ^ 

b /-c /<H| *H?H i^l^V^cf. £ 7b ^ ZLeflo]efl*i E.g.3\-<Q-& 5. 6b ^1 C°fl ^ 

^-^M, b /~c /^l^i, C°fl ^tt n3M3]*§ ^5.4^ 3g-g- 
<£ /( Hr £ 7b 2] zz.3H3lig £^40^0,1 h 6b ^ D°H ZL5flolefli§ 



<50> 



1] ' 1 



<5i> ^1-71 1)^ ^/r^ £ 7b 2] zz^ojefl^ °1 3- , G 1 D (n) 

<52> r l 

<Ge>« f [ G,(*) + G~n>(x)]dx 

[^T«H4 2] 
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#71 2)<*M A=(i7-b/)/(c/-b/)^lJL, ^ ^ ^ £ 

^ D^l ^^-t!: S-SI ^o><>> H^M", ^-id ^^S.^ D£] ^ 

4^ ^-=r Q°-S, ^}*}JL, n. «>^# r /=(c /-b /)/2S ^ 

tH}. -*7l 2)3 <^ /c >^ 3 HI ^IsM 7l#£ 

4. 



<54> 



3] 



<55> ^-7] 3)^^ c ^ ^ojcf, 

<56> ol^fl, AV 7 j (^Al 3 )o. ^^o^ o>^ ££. sgc^ /ofl tfl*H 

3f-, n. <G C >% ^%$\ 4)3 £o) TflXl:^. 

<58> ^7} 4)oflxi yV-O- ^oj^ oj-cq 7 >^*V ^o]^. 

<59> ol^), (^Al 4)3 <%>fe H# *1^7> ^Cf. ^7] 

4)1- ^RHl A)~g-*}7l fl^fe ^ ^ C( f§r % 

^ c(M ^*>7l ^^Hfe, ^3 3^7H1t1H £JZ. ofl^ ^ # 

38-20 



1020010045123 #^ < U^\- 2001/12/10 

1/2^1 sfl^W. ZLS^jl, z|z}-^ s]^^ iL#£] ^ ^-3HH DEXA» 
BMD(g/cnf &$\m °l*fl, BMDSf <G>+ Co R *r 

o}$] ^ ^^(least-squares fit) -£.*}7> 2^7> ^tbi}. 

^ 200 <£!-§- *!- 3%±. *fl-§- 3)*3<Lg. c 0 ^. 0.23 

<eo> o]^ ( ^ o_tt ^ c^r ^7}^ o. # <£> 

# Sf^^fe 4% <£> I§3j7fe 409H1 

<6i> a- ^ofl oi^i^l _£L#^ ^a>(24)* y>^-^*> 

<62> #7H>H ^ZLS^JE. E ^]c 7 |. ^S^Ojg, ZL 3] efl ^ 6f| X] 

<£^^H] SjZlS^JEl E^l^l- *ll7i<5l-^ Tjl^V^q- 

(24). 4^(24)# # ^-7] # ^<*£] A 

^"71 id^sl wW^L^JE. = # ^7)^>^ 4^, ^71 ^^JE. E 
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<63> £ 7b ofl B^n.2}^H S ZLeflojEfl^ ^£_^<£^r A# 

b /~c £^l*>^cf. £ 7b 3 ZLeflolefl»i = 3. s^^r £ 6b ^ C°fl 3 

3*)H ^€4. ^ b/-c/°iM, Ofl 5]*}- aeflo)eil 

°' <C> )^ £ 7b ^ ZL^olefl^i 514^2] ^-ofl £ 6b ^ D°fl 

<64> cr / 



<65> 5W>H °"«£r 51 7b 3 HEHojefl^ °^ (0> -& 

*l, G '" (D> -§- ^l^>7l ^sflA^ ^ D ofl oj^V n^olefl^ jess)-^ <£o)-o) 
sVji, o] ^eflojefl^ s^s)-^ <g7) ^SflA^ ^ ^33-**- S.°cM- °^> 0 l= 

^Cf. ZLSm, <*)^d ^-2-3.^ fi'St ^7l7> 1"7>^§>1^. H)-5H 

4^-3 6)^.5. ^ sx^. 
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<66> c. 



<6?> %A 6)4H *o fe ^014. 

<68> ol^ f A o V 7 ] (^«VA1 6)# ^#A} /oil 711^ 

<69> c_, 

<70> (^4}"^ 7)3 ^O] ^0§<tf <>HH3 ^ x]^7}- ^Cf. 

<71> 7)3 5)-.-fi£.g- ^<3<3 <?HH3 #<3<*j 



<72> 



8 ] A. i n=bl n A. i 

<?3> (*r«M 8)1- ^-*cH Af-g-§>7] 3*lH^r 

^3°fl ^<33# >8"7l 8)3 *oK ^ 7 " =4 < )4 # 

*fl ^3 ^ *13t}- ^f^( ^ ' ' ^H, 1-^1) ^ 
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3 ^ ^o] S A^ig- - £ o^nf. zLfilJl, itl^Rr JIM -§-<^ 

-^^HH DEXA1- o]-g-^ #^51& BMD(g/cuf ^trt}. °]A, ^ c °Sr 

BMDSf <g>+c o^a>o1o) 2)^ 3) ^(least-squares fit) $-*\7\ ^±7} E)^ 
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